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1. INTRODUCTION 

The modification of antenna designs expands the practicality of an antenna. The reconfiguration of an 
antenna can increase gain, increase directivity, reduce the dimensions, or transform a single frequency band 
antenna into a multiple frequency band antenna. The demand for compact antennas with excellent performance 
has been increasing as the applications of these antennas are numerous [1]. Design modifications of antennas 
also aim to decrease the cost of manufacturing and decrease their size, all while keeping the geometry simple 
[2]. The restructuring of an antenna is often utilized in the communications of commercial and military 
applications [3]. The alteration of the conformation of an antenna is utilized to construct an antenna for a 
specific application. The improvement of the performance of the modification can be assessed in the simulated 
radiation patterns, antenna reflection, and antenna gain [4]. A challenge in the reconstruction of an antenna 
design is to overcome the conflicting matching requirements of the surrounding environment of the antenna. 
The alteration of the geometry of the antenna must satisfy the desired performance, the recommended 
specifications, and the compatibility with the environment [5]. It is important to consider the electromagnetic 
interaction of the antenna with its environment to evaluate the performance of the antenna [6]. Hence, 
electromagnetic simulations are used to test the modifications done to the geometry of the antenna. Several 
design optimization techniques can be applied to a simple geometry design for the enhancement of the antenna's 
performance. Common antenna geometry modifications are shape bending, the addition of tuning stubs, and 
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integration of a wide slot [7]. The experiment done in the paper is a reconstruction of the dipole bowtie antenna 
geometry by the integration of a double flare and the incorporation of a slot into the design. An adaptive finite 
impulse response (FIR) filter was added to improve further the antenna’s performance. Using MATLAB 
software, the designs are constructed and simulated to evaluate the improvement of the performance due to 
alterations [8]. 


2. BACKGROUND OF THE STUDY 

The bowtie antenna is an antenna that has triangular elements which replace the usual straight rods 
for the elements of the antenna. These triangular elements resemble a bow tie which is why we call it such. 
This antenna is also a type of antenna that is considered a ultra high frequency (UHF) fan dipole. These bow 
tie antennas are not logged periodic antennas [9]. These bow tie antennas are also considered biconical 
antennas. Due to using triangular elements instead of the usual straight ones, the bandwidth of the bowtie 
antenna is increased. The bowtie antenna can also receive signals from varying sources due to its ability to 
receive signals from a 60-degree angle [10], [11]. The antenna is also lighter and becomes wind resistant due 
to the triangular elements. The design of a bowtie antenna is also easy to construct and relatively cheap. The 
mesh reflector that is embedded within a bowtie antenna is also more efficient than other types of antennas 
[12], [13]. The antenna does have some disadvantages such as having poor transmitting efficiency in frequency 
ranges that are considered as low and using a log periodic antenna may be more beneficial in that situation. 
The bowtie antenna can be seen to have a polarization that can be considered vertical. Wherever the triangular 
elements are pointed is where the signals can be received and only in this direction can signals be received 
[14], [15]. This does not matter anymore if the antenna is being pointed at a television (TV) or radio tower on 
the horizon. For ultra-high frequency waves, the bowtie antenna is the best option to use. The use of MATLAB 
for antenna design is also discussed in this study. The partial differential equation (PDE) tool is a tool in 
MATLAB that stands for a partial differential equation, and with the help of this toolbox, modifications to 
antenna design may be computed easily. 


3. STATEMENT OF THE PROBLEM 

An antenna can be used for several applications like as industrial, medical, and scientific applications. 
Due to the bowtie antenna being an antenna that is considered elementary, modifications can be done to the 
bowtie antenna for more suitable applications of the dipole. The design of an antenna can be very time- 
consuming and hard to do not to mention that there are various types of antennas that need to be considered. 
The amount of testing to find the right antenna needs to be considered as well when designing a system. 
Modifications to the original antenna also bring about corresponding changes to a lot of aspects. Examples that 
may be subject to change when modifying are the antenna’s directivity and return loss among other things. 
There is also the problem of finding suitable software for the design and simulation of an antenna that can 
adapt to corresponding modifications that a user wants. 


4. SIGNIFICANCE OF THE STUDY 

The study being conducted serves as a tool to better understand three types of antennas, mainly the 
traditional bowtie antenna, the slotted bowtie antenna, and the double flare bowtie antenna. The paper aims to 
introduce a way to simulate the design for all three types of bowtie antennas in MATLAB. The study will also be 
able to showcase the corresponding effects of using each type of bowtie antenna. The simulation generated will 
also be able to handle modifications in the original design. This will be helpful as the program will also be able 
to calculate the corresponding results that come with the changes from modification such as directivity and return 
loss. With the help of this study, a better understanding of bowtie antennas and their corresponding variations of 
slotted and double flare will be accessible to its readers. The most suitable antenna may be chosen among the 
three types available and demonstrated in the experiment part of the paper. The paper also states that the 
dimensions of the antenna were kept closely similar to be able to draw accurate conclusions from the differences 
in the various antennas presented within the experiment. The use of the PDE toolbox from MATLAB can also be 
seen in this paper and this paper can also show how antenna design can be done through this program. 


5. DESCRIPTION OF THE SYSTEM 

A reference bowtie antenna is constructed as the point of comparison of the designed antennas. The 
bowtie has a total length of 45 mm and a total width of 65 mm. The length and width of each triangle are 
30 mm and 32 mm. The gap in the middle is 1 mm. The feed is placed in the bottom middle of the antenna. 
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Figure 1 shows a reference bowtie antenna, Figure 2 shows a slotted bowtie antenna, Figure 3 shows a double 
flare bowtie antenna and Figure 4 shows a double flare slotted bowtie antenna. 

The slotted bowtie antenna has the same dimensions as the reference antenna. The horizontal slot has 
a width of 60 mm and a length of 1 mm. Figure 3 shows a double flare bowtie antenna. The double flare bowtie 
antenna has a total length and width of 65 mm and 42 mm. The inner triangle has a length of 24 mm and a 
width of 20 mm. The trapezius attached to the triangle has short bases of 10 mm and long bases of 20 mm. The 
double flare slotted bowtie antenna is the combination of the slotted antenna and the double flare antenna 
previously defined. Figure 4 shows a double flare slotted bowtie antenna. 
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Figure 1. Reference bowtie antenna Figure 2. Slotted bowtie antenna 
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Figure 3. Double flare bowtie antenna Figure 4. Double flare slotted bowtie antenna 


6. METHOD 

This section discusses the method. The PDE toolbox was used to construct the design of the antennas. 
The mesh of the constructed design was exported to the workspace of the MATLAB editor. A custom antenna 
was simulated in MATLAB using the mesh from the PDE toolbox. A feed was then placed on the antenna. The 
operating frequency was defined as 3.2 GHz and the frequency range was defined as | GHz to 10 GHz with an 
increment of 100 MHz. The radiation patterns, impedance, and S-Parameter graphs were generated. An RF 
toolbox and an antenna toolbox are needed to obtain the output plots of the simulation. Figure 5 shows the 
flowchart of the method. 

The bowtie antenna is focused on wireless applications. The antenna will be constructed using the PDE 
toolbox of MATLAB. The design will then be transferred to the mesh workspace. The feed will then be placed in 
the custom antenna. The frequency of operation and the frequency range will then be defined. A custom block of 
an adaptive FIR filter will then be placed on the antenna system. This is for noise filtering. The rough set theory 
will then be used to optimize the radiation patterns, impedance, and plot of the S parameters. The radiation 
patterns, impedance, and plot of the S parameters will then be turned into a graphical form. 
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Figure 5. Flowchart of method 


7. REVIEW OF THE RELATED LITERATURE 

The bowtie antenna has been used in previous studies as well and has also been used in various 
applications through varying models of the bowtie antenna were used. In a study conducted that involved a 
multiband and wideband frequency reconfigurable antenna, a slotted bowtie antenna had a stripline in its 
middle to gain a wideband that ranged from 3.5-9.0 GHz. At the end of the bowtie-shaped, two slotted arms 
were added to attain the multiband which operated at 1.7 GHz and 2.6 GHz. In the paper, results such as 
radiation pattern and gain were discussed and showed that in multimode communication systems, the antenna 
was viable [16]. 

In a study involving a ground penetrating radar, two types of bowtie antennas were designed and 
tested, mainly a rounded bowtie antenna and a slotted bowtied antenna. The paper presented requirements and 
possible disadvantages for the use of each antenna as well as a method for the design. The antennas operated 
at a frequency band of 1.1-3.5 GHz and were compact. In a similar study, this experiment was also done in 
novel size and not miniaturized. According to the results of the study, the compact rounded bowtie and the 
slotted bowtie antenna especially showed great potential for antennas to be used in air-coupled ground- 
penetrating radar (GPR) systems [17]. 

In a study conducted by a group of researchers, a broadband bowtie antenna was used that had a 
metamaterial periodical structure for broadband wireless systems and a communication frequency band that 
would come with the emergence of 5G technology. The proposed antenna operated at a frequency of 4-6.8 
GHz and used ECSSR unit cells, known as an electrically coupled split-ring resonator, and was studied. The 
results of the experiment showed that the major lobe of the antenna could achieve a maximum gain of 
9.8 dBi with tilting [18]. 

The use of a planar bowtie antenna was shown in a study entitled “220 GHz focal plane imaging 
demonstration using integrated terahertz array detector” in 2020. In the experiment, the planar bowtie antenna 
was equipped with every detector chip. The detector chip was able to show excellent performance by the 
standards of the researchers. The final results showed that the achieved result was approaching the theoretical 
result that was computed [19]. 

A high directional antenna for ultra high-frequency radio frequency identification (RFID) used the 
composite structure of a bowtie dipole in conjunction with a miniature Moxon antenna for feed balance. The 
experimental results showed that in a frequency band of 865-1954 MHz the reflection coefficient was less than- 
10 dB with a gain of more than 3.5 dB. The relative operating bandwidth was also able to attain 20% [20]. 

A group of researchers generated a design of a compact planar microstrip bowtie-shaped antenna for 
wireless applications and used three rejection bands for interference to be avoided. Using HFFS, which stands 
for high-frequency structure simulator, the proposed antenna was analyzed and showed results such as a 
maximum gain of 5.85 dB and an omnidirectional pattern at low frequencies [21]-[23]. The same group of 
researchers also proposed a design for a miniature meandered microstrip bowtie-shaped antenna for the same 
application as the previous study stated. This experiment had multiband characterization and used six rejection 
bands instead of three rejection bands like the previous study. The antenna was analyzed using HFFS as well 
and showed results such as a maximum gain of 4.42 dB and a radiation pattern that was directional in the 
E-plane and omnidirectional in the H-plane at low frequencies [24]-[26]. 

In a study conducted by a group of researchers, a single and dual element bowtie microstrip antenna 
with an embedded planar long wire was studied and proposed for its utilization in 5G wireless applications. 
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Using the proposed bowtie structure, two element arrays were also studied. The paper published the results of 
gain, radiation characteristics, and return loss from the proposed design of the antenna [27], [28]. The antenna 
was found to be suitable for 5G applications as it produced a high gain at the operating frequency and works 
within a frequency bandwidth of 27-29 GHz. The results of the simulation were validated due to the fabricated 
prototypes’ previous results [29]-[31]. 


8. DATA AND RESULTS 

In this section, we will be discussing the data and results of a bowtie antenna with an an adaptive FIR 
filter. We will go over what the antenna is, how it works, and what the results were. This information is 
important for anyone who wants to know more about how this type of antenna functions. Figures 6, 7, and 8 
shows the 2D and 3D radiation patterns, RF plot of S-parameters and impeadance of the reference bowtie 
antenna respectively. 

The next part of the simulation will focus on the slotted bowtie antenna. MATLAB/Simulink will be 
used for the simulation. Figures 9, 10, and 11 shows the 2D and 3D radiation patterns, RF plot of S-parameters 
and impeadance of the slotted bowtie antenna respectively. The next part of the simulation will focus on the 
double flare bowtie antenna. MATLAB/Simulink will be used for the simulation. Figures 12, 13, and 14 shows 
the 2D and 3D radiation patterns, RF Plot of S-parameters, and Impeadance of the double flare bowtie antenna 
respectively. 
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Figure 6. 2D and 3D radiation patterns 
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Figure 12. 2D and 3D radiation patterns 
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The next part of the simulation will focus on the double flare slotted bowtie antenna. MATLAB/Simulink 


will be used for the simulation. Figures 15, 16, and 17 shows the 2D and 3D radiation patterns, random forest 
(RF) Plot of S-parameters and Impeadance of the double flare slotted bowtie antenna respectively. 
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Figure 15. 2D and 3D radiation patterns 
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9. ANALYSIS OF DATA 

The effects of modifying the design of the bowtie antenna by the addition of a slot and the addition of 
a flare were determined using the simulation of the designs in MATLAB software. At the operating frequency 
of 3.2 GHz, the modified antennas have a slightly higher directivity compared to the reference bowtie antenna. 
The slotted bowtie had the most antenna directivity compared to the double flare and the traditional bowtie 
antenna. The radiation pattern of the slotted bowtie antenna showed that it was more directive than the two 
other designs. The double flare slotted bowtie antenna had a directivity higher than the double flare design but 
lower than the slotted design. Its radiation pattern is different from the two modified designs. The S-Parameters 
of the designs were then generated. The S-parameter shows the return loss of the antenna, which measures the 
power absorbed by the antenna. The lower the magnitude of the return loss, the more power the antenna can 
transmit to the transmission medium or the connected device, which is the desired characteristic of an antenna. 


10. CONCLUSIONS 

Through a simulation using MATLAB software, the analysis of the effects of the modifications on the 
bowtie design was done. The designs of the antenna were simulated several times, and certain parts of the 
design were modified to analyze the effect of the parameters of the modifications on the directivity and return 
loss of the antenna. The output graphs generated in the MATLAB software showed that the integration of a 
slot in the bowtie antenna improved its return loss. The lower magnitude of the return loss, the less energy will 
be absorbed in a slotted bowtie antenna and more power can be delivered to the designated recipient. On the 
other hand, the addition of another flare in the bowtie design increased the number of frequency operation 
bands. An antenna with multiple bands can function properly on more than one frequency of operation. 
Consequently, the antenna design can be utilized in more applications without changing its physical structure. 
A multiband antenna can be mass-produced without comprising the cost efficiency. 


REFERENCES 

[1] Rusmono, E. Sandi, and T. Marani, “Design of multiband MIMO antenna for 5G millimeter-wave application,” JOP Conference 
Series: Materials Science and Engineering, vol. 852, no. 1, p. 012154, Jul. 2020, doi: 10.1088/1757-899X/852/1/012154. 

[2] L.A.-Fonseca, A. C. Lisboa, R. Adriano, and E. J. Silva, “Optimized limited size printed bowtie antenna for UHF RFID readers,” 
Journal of Microwaves, Optoelectronics and Electromagnetic Applications, vol. 16, no. 4, pp. 922-931, Dec. 2017, doi: 
10.1590/2179-10742017v16i41015. 

[3] M. Jusoh et al., “A reconfigurable ultra wide band (UWB) compact tree-design antenna system,” Progress In Electromagnetics 
Research C, vol. 30, pp. 131-145, 2012, doi: 10.2528/PIERC12041011. 

[4] S. Koziel and A. Bekasiewicz, “Recent developments in simulation-driven multi-objective design of antennas,” Bulletin of the 
Polish Academy of Sciences: Technical Sciences, vol. 63, no. 3, pp. 781-789, Sep. 2015, doi: 10.1515/bpasts-2015-0089. 

[5]  S. Koziel, S. Ogurtsov, and L. Leifsson, “Simulation-driven design of antennas using coarse-discretization electromagnetic models,” 
Procedia Computer Science, vol. 4, pp. 1252-1261, 2011, doi: 10.1016/j.procs.2011.04.135. 

[6] A. V. Sarani and M. H. Neshati, “Design investigation of dual-band dual-circularly polarized hybrid antenna array using semi- 
hexagonal HMSIW cavity,” AEU - International Journal of Electronics and Communications, vol. 157, p. 154437, Dec. 2022, doi: 
10.1016/j.aeue.2022. 154437. 

[7] A. Wu, Z. Zhang, and B. Guan, “Wideband printed antenna design using a shape blending algorithm,” International Journal of 
Antennas and Propagation, vol. 2017, pp. 1-8, 2017, doi: 10.1155/2017/9073765. 

[8] | MathWorks, “MATLAB.” MathWorks, 2022, [Online]. Available: https://www.mathworks.com/products/matlab.html. 

[9] I. H. Idris, M. R. Hamid, K. Kamardin, M. K. A. Rahim, and H. A. Majid, “A multiband and wideband frequency reconfigurable 
slotted bowtie antenna,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 19, no. 3, pp. 1399-1406, Sep. 
2020, doi: 10.1159 1/jeecs.v19.i3.pp 1399-1406. 

[10] M. Li, R. Vilbig, R. Birken, D. Busuioc, N. X. Sun, and M. Wang, “Novel miniaturized antenna designs for in-traffic air-coupled 
ground penetrating radar systems,” Journal of Environmental and Engineering Geophysics, vol. 20, no. 1, pp. 71-79, Mar. 2015, 
doi: 10.2113/JEEG20.1.71. 

[11] M. Li, R. Vilbig, D. Busuioc, R. Birken, and M. Wang, “Novel antenna designs for compact ground penetrating radar systems and 
in-traffic air-coupled applications,” in 26th Symposium on the Application of Geophysics to Engineering and Environmental 
Problems 2013, SAGEEP 2013, Mar. 2013, pp. 181-190, doi: 10.4133/sageep2013-060.1. 

[12] P. Dhanaraj and S. U. Maheswari, “Performance analysis of electrically coupled SRR bowtie antenna for wireless broadband 
communications,” Wireless Networks, vol. 26, no. 7, pp. 5271-5283, Oct. 2020, doi: 10.1007/s11276-020-02396-y. 

[13] H. D. Qiao, H. Liu, J. C. Mou, and X. Lv, “220 GHz focal plane imaging demonstration using integrated terahertz array detector,” 
Microwave and Optical Technology Letters, vol. 62, no. 9, pp. 2826-2829, Sep. 2020, doi: 10.1002/mop.32388. 

[14] _S. Fu, A. Xiong, W. Chen, and S. Fang, “Small broadband high directional antenna for UHF RFID,” Xi Tong Gong Cheng Yu Dian 
Zi Ji Shu/Systems Engineering and Electronics, vol. 42, no. 5, pp. 987-991, 2020, doi: 10.3969/j.issn.1001-506X.2020.05.03. 

[15] A. Salim, Y. S. Faouri, and S. Baqaleb, “Compact UWB bowtie antenna with triple rejection bands,” in 2020 11th International 
Conference on Information and Communication Systems, ICICS 2020, Apr. 2020, pp. 406-409, doi: 
10.1109/ICICS49469.2020.239495. 

[16] A. Salim, S. Baqaleb, and Y. S. Faouri, “Multiband meander UWB bowtie antenna with six rejection bands,” in 2020 J/th 
International Conference on Information and Communication Systems, ICICS 2020, Apr. 2020, pp. 410-413, doi: 
10.1 109/ICICS49469.2020.239496. 

[17] S. Sharma, Mainuddin, B. K. Kanaujia, and M. K. Khandelwal, “Analysis and design of single and dual element bowtie microstrip 
antenna embedded with planar long wire for 5G wireless applications,” Microwave and Optical Technology Letters, vol. 62, no. 3, 
pp. 1281-1290, Mar. 2020, doi: 10.1002/mop.32137. 


Indonesian J Elec Eng & Comp Sci, Vol. 31, No. 1, July 2023: 229-237 


Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 ) 237 


[18] 


[19] 


M. Shalini and M. G. Madhan, “Photoconductive bowtie dipole antenna incorporating photonic crystal substrate for Terahertz 
radiation,” Optics Communications, vol. 517, p. 128327, Aug. 2022, doi: 10.1016/j.optcom.2022. 128327. 
G. Ramalakshmi and P. M. Rao, “WITHDRAWN: A miniaturized 2-itertion rectangular slotted Sierpinski fractal bowtie antenna 
for multiband applications,” Materials Today: Proceedings, Apr. 2021, doi: 10.1016/j.matpr.2021.03.297. 


[20] S. Singh and S. Verma, “Compact wideband circularly polarized bowtie slot antenna for WBAN applications,” AEU - International 
Journal of Electronics and Communications, vol. 136, p. 153777, Jul. 2021, doi: 10.1016/j.aeue.2021.153777. 

[21] M. Shalini and M. G. Madhan, “Theoretical investigations on the influence of photonic crystal shapes on the performance of 
graphene-based terahertz photoconductive bowtie dipole antenna,” Photonics and Nanostructures - Fundamentals and Applications, 
vol. 51, p. 101046, Sep. 2022, doi: 10.1016/j.photonics.2022.101046. 

[22] J. Muslim et al., “Improvement of bowtie UHF antenna model for detecting PD in GIS,” Procedia Technology, vol. 11, pp. 227— 
234, 2013, doi: 10.1016/j.protcy.2013.12.185. 

[23] D. Seyfried, R. Jansen, and J. Schoebel, “Shielded loaded bowtie antenna incorporating the presence of paving structure for 
improved GPR pipe detection,” Journal of Applied Geophysics, vol. 111, pp. 289-298, Dec. 2014, doi: 
10.1016/j.jappgeo.2014.10.019. 

[24] A. Cuche et al., “Beyond dipolar regime in high-order plasmon mode bowtie antennas,” Optics Communications, vol. 387, pp. 48— 
54, Mar. 2017, doi: 10.1016/j.optcom.2016.11.013. 

[25] F.I. Rial, M. Pereira, H. Lorenzo, P. Arias, and A. Novo, “Resolution of GPR bowtie antennas: An experimental approach,” Journal 
of Applied Geophysics, vol. 67, no. 4, pp. 367-373, Apr. 2009, doi: 10.1016/j.jappgeo.2008.05.003. 

[26] S. Didouh, M. Abri, and H. A. Badaoui, “A new C and Ku-band logarithmically periodic linear bowtie antennas array design using 
lumped-element equivalent schematic model,” AEU - International Journal of Electronics and Communications, vol. 69, no. 12, 
pp. 1766-1772, Dec. 2015, doi: 10.1016/j.aeue.2015.08.013. 

[27] S. Cakmakyapan, L. Sahin, F. Pierini, and E. Ozbay, “Resonance tuning and broadening of bowtie nanoantennas on graphene,” 
Photonics and Nanostructures - Fundamentals and Applications, vol. 12, no. 2, pp. 199-204, Apr. 2014, doi: 
10.1016/j.photonics.2014.02.001. 

[28] F. J. Gonzalez and G. D. Boreman, “Comparison of dipole, bowtie, spiral and log-periodic IR antennas,” Infrared Physics & 
Technology, vol. 46, no. 5, pp. 418-428, Jun. 2005, doi: 10.1016/j.infrared.2004.09.002. 

[29] S.A. Kumar and T. Shanmuganantham, “Design and analysis of implantable CPW fed bowtie antenna for ISM band applications,” 
AEU - International Journal of Electronics and Communications, vol. 68, no. 2, pp. 158-165, Feb. 2014, doi: 
10.1016/j.aeue.2013.08.003. 

[30] H. Li, S. Fu, S. Xie, X. Zhou, H. Xu, and Z. Liu, “Engineering optical response through gold bowtie nanoantennas array,” Optical 
Materials, vol. 33, no. 6, pp. 807-811, Apr. 2011, doi: 10.1016/j.optmat.2010.12.023. 

[31] J. Shan, K. Rambabu, Y. Zhang, and J. Lin, “High gain array antenna for 24 GHz FMCW automotive radars,” AEU - International 
Journal of Electronics and Communications, vol. 147, p. 154144, Apr. 2022, doi: 10.1016/j.aeue.2022.154144. 

BIOGRAPHIES OF AUTHORS 


Aaron Don M. Africa © £4 BS ' is a researcher in the field of communications network 
engineering. He is one of the most promising researchers in that area. His area of expertise 
are communications network engineering, expert systems, control systems, network design, 
optimization. Specifically, he deals with the optimization of communication systems to make 
them more efficient in functionality. This is for these systems to adapt effectively in the 
industry. He creates simulation models to replicate different scenarios in network design. He 
can be contacted at email: aaron.africa@ dlsu.edu.ph. 


Rica Rizabel M. Tagabuhin @ORIES © is from Manila, Philippines. She is a student of the 
B.S. degree in Electronics and Communications Engineering (ECE) from De La Salle 
University. She is a member of the Electronics and Communications Engineering society 
(ECES) and her research interests include transmission line analysis. She can be contacted at 
email: rica_tagabuhin @dlsu.edu.ph. 


Jan Jayson Tirados © EVES & is from Manila, Philippines. He is a student of the B.S. 
degree in Electronics and Communications Engineering (ECE) from De La Salle 
University. He is a member of the Electronics and Communications Engineering society 
(ECES) and his research interests include signal systems. He can be contacted at email: 
jan_tirados @dlsu.edu.ph. 


lt 


Development of a design optimization algorithm for a bowtie antenna (Aaron Don M. Africa) 


